S. 3  Table S1 . Selected bond distances and angles for [Yb(C 5 Me 5 )(μ-PHC 6 H 5 )(THF) 2 ] 2 .
S.3 Table S2 . Reported (experimental and calculated) and adiabatic calculated S.4 electron affinities.
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S.5 Figure S4 . Energy profile for alternative C-H activation of buta-1,2-diene by S.5 (Me 5 C 5 ) 2 Yb. 
V. Energies (au) and
III. Computed Electron Affinities.
Experimental and computed electron affinities of ethylene, [1] butadiene, [1] allene [2] , propyne [2] and deprotonated allene [3, 4] and propyne [3] have been reported, values shown in Table 1 . In order to compare homogeneous values, we have computed the electron affinities of ethylene, allene, methylallene, propyne, but-2-yne, butadiene, and deprotonated allene and propyne at high level ab initio using the CBS-QB3 and W1U methodologies. Computed values for ethylene, butadiene, allenyl and propynyl anions match the experimental values with deviations of less 0.1 eV, especially at the W1U level. In contrary, large variations are observed for allene, dimethylacetylene and propyne. For allene and propyne, low precision for these experimental values are expected by the authors due to the equilibrium between allene and propyne in the measurement conditions. [3, 4] For dimethylacetylene, experimental values correspond to vertical (diabatic) excitation. [5] The following trend of AEs for substrate of interest in the current study is ethylene (-1.555 eV); but-2-yne (-1.319 eV); buta-1,2-diene (-0.971 eV) ; s-trans-butadiene (-0.605 eV). [1] ; b ref. [6] ; c ref. [7] ; d ref. [8] ; e ref. [2] ; f ref. [5] ; f2 ref. [9] ; g ref. [3] ; h ref. [4] ; i ref. [10] ; j ref.
[11]; k Electron affinities have computed using the electron convention: Δ f H°(e -, 0 K) = 0 kcal mol -1 , energies have been corrected by zero-point vibrational energy (ZPE). V. Energies (au) and Cartesian coordinates of optimized complexes and organic molecules. 
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